In a data sample of four million hadronic Z decays collected with the ALEPH detector at LEP, four b baryon candidates are exclusively reconstructed in the b ! + c channel, with the + c decaying into pK + , p K 0 , o r + + . The probability of the observed signal to be due to a background uctuation is estimated to be 4:2 10 4 . The mass of the b is measured to be 5614 21 (stat:) 4 ( syst:) MeV=c 2 .
Introduction
In the last few years, a great deal of progress has been made in the experimental study of the b baryon. Its production and lifetime have been measured in Z decays at LEP, using semi-leptonic decays [1] . The b lifetime is now known with a precision of 6%, which is within a factor of two of the precision of the lifetime measurements of the B 0 and B + , and comparable in precision to the B s lifetime measurement [2] .
A precise measurement of the mass of the b has, however, proven elusive. The PDG 94 world average of 5641 50 MeV=c 2 , has an uncertainty which is more than twenty times bigger than that of the B mesons [3, 4] . An accurate determination of the b mass will provide tests of theoretical mass predictions based on potential models [5] , heavy quark eective theory [6] or lattice QCD calculations [7] , and will be important for future studies of the b . This b mass measurement is based on a sample of four million hadronic Z decays collected by the ALEPH experiment during the 1991-1995 running of LEP. b baryons are fully reconstructed in the decay c hannels 1 [8] . 2 The ALEPH Detector
The ALEPH detector and its performance are described in detail elsewhere [9] . In this section, only a brief description of the parts of the apparatus most important to this analysis is given. The critical elements are charged particle tracking, including especially the silicon vertex detector, and particle identication with ionization energy loss (dE=dx).
Charged particles are tracked with three concentric devices residing inside an axial magnetic eld of 1.5 T. Just outside the 5.4 cm radius beampipe is the vertex detector (VDET) [10] , which consists of silicon microstrip detectors with strip readout in two orthogonal directions. The strip detectors are arranged in two cylindrical layers at average radii of 6.5 and 11.3 cm, with solid angle coverage of j cos j < 0:85 for the inner layer, and j cos j < 0:67 for the outer layer. The point resolution for tracks at normal incidence is 12 m in both the r and z projections.
Surrounding the VDET is the inner tracking chamber (ITC), a cylindrical drift chamber with up to eight measurements in the r projection. Outside the ITC, the time projection chamber (TPC) provides up to 21 space points for j cos j < 0:79, and a decreasing number of measurements at smaller angles, with four points at j cos j = 0 : 96.
The combined tracking system has a transverse momentum resolution of p t =p t = 0:0006 p t 0:005 (p t in GeV=c). For tracks with hits in both VDET layers the impact parameter resolution on a track of momentum p is 25 m + 9 5 m =p (p in GeV=c).
In addition to tracking, the TPC is used for particle identication by measurement of the ionization energy loss associated with each c harged track. It provides up to 338 dE=dx measurements, with a measured resolution of 4.5% for Bhabha electrons with at 1 Throughout this paper, charge-conjugate modes are also implied. 1 least 330 ionization samples. For charged particles with momenta above 3 GeV/c, the mean dE=dx gives 3 standard deviation () separation between pions and protons and 1 separation between kaons and protons.
In the following, particle identication with energy loss is specied in terms of the dE=dx estimator dened as a = ( I a I meas )= a , where I meas is the measured energy loss, I a the expected energy loss under the hypothesis that the candidate is a , K, o r p and a is the expected error on I a . The dE=dx is dened as available if more than 50 samples are present. This occurs for 82% of the tracks and this fraction is well simulated in the Monte Carlo.
b Reconstruction
The b is reconstructed using the decay b ! + c , with + c ! pK + , p K 0 , o r + + . The world average branching ratios [3] for these channels ((4:4 0:6)%, (2:1 0:4)%, and (2:7 0:6)% respectively) combined with the expected b production rate ( 0:04/hadronic Z decay) and the b ! + c branching ratio ( 3 10 3 ) leads to a small numb e r o f e v ents to be detected. The selection procedure therefore needs to remain ecient and yet be eective at reducing combinatorial backgrounds and \reection" backgrounds in which other decays mimic the signal when one of the decaying particles is assigned the wrong mass hypothesis.
Control of the combinatorial background is obtained by relying on the good mass resolution provided by the ALEPH tracking system and the use of decay length requirements which largely reduce the probability of selecting tracks originating from the primary vertex. The \reection" backgrounds are suppressed by rejecting mass combinations which could be a reection from a D + s or D + meson decay and also by requirements on the dE=dx of the proton candidate. The detailed + c selection cuts are described in section 3.1 and the b ! + c selection is described in section 3.2.
Selection of the + c
The backgrounds from Z ! u u; d d; s s; c c events are reduced by making a preselection based on the lifetime tag probability described in [11] . Events for which the probability, P uds , that all the charged tracks originate from the primary vertex is greater than 1% are rejected.
In the + c ! pK + channel, the proton, kaon and pion candidates are required to have momenta greater than 2, 1.5 and 1 GeV=c respectively. The dE=dx measurement for a proton candidate is required to satisfy j j > 2 and j p j < 3. For kaon and pion candidates, the energy loss is required, when available, to be consistent with the expected value (j K; j < 3). To ensure precise vertex reconstruction, two of the three tracks are required to have at least one VDET reconstructed hit. The invariant mass calculated using a vertex constrained t must be within 21 In the + c ! + + channel, the candidates are identied by their decay 2 ! p using a slightly modied version of the algorithm described in [12] : to reduce the combinatorial background, the two oppositely charged tracks are required to have a total momentum greater than 3 GeV=c, and to form a vertex corresponding to a decay length of at least 3 cm from the interaction point. The TPC energy loss measurements of the pion and proton candidates, when available, are required to satisfy j j < 3 and j p j < 3, respectively. To reduce the possible contamination from other displaced vertices, the invariant mass of the two daughter tracks is required to be within 9 MeV=c 2 (3) of the nominal mass and incompatible with the ! e + e hypothesis (M e + e > 15 MeV=c 2 ). If the dE=dx information for the proton candidate is consistent with that of a pion (j j < 2) or the dE=dx information is not available, an additional cut to remove K 0 s 's is applied (jM M K 0 s j > 10 MeV=c 2 ). All three pions from the + c decay are required to have momenta greater than 0.5 GeV=c and j j < 3 when available. Finally, the + c candidate is required to have a mass within 20 MeV=c 2 (3) of the + c nominal mass.
In the + c ! p K 0 channel, the proton and the K 0 are required to have momenta greater than 3 and 2 GeV=c, respectively. The K 0 candidates are reconstructed in the K 0 s ! + channel using the same algorithm as for the selection described previously. The two c harged daughter tracks have to fullll the condition j j < 3, when the dE=dx measurements are available, and their invariant mass, with appropriate mass assignments, is required to be within 13 MeV=c 2 (3) of the K 0 nominal mass and incompatible with the and hypotheses; namely, M e + e > 15 MeV=c 2 , and jM p M j > 5 MeV=c 2 when j p j < 2 for at least one of the pion candidates or their dE=dx information are not available. The decay length of the K 0 s candidate has to be greater than 1.5 cm with respect to the interaction point. The + c candidate is obtained by adding a proton track to the K 0 s . The proton candidate must have at least one VDET reconstructed hit and the dE=dx measurement m ust be compatible with the proton but not the pion hypothesis (j p j < 3 and j j > 2). To reduce combinatorial background from low momentum proton candidates, the cosine of the decay angle of the proton candidate in the pK 0 s rest frame has to be greater than 0:8. The invariant mass of the pK 0 s system is required to be within 24 MeV=c 2 
Selection of b ! + c
The + c candidates with momentum greater than 6 GeV=c are combined with charged tracks in the same hemisphere, as dened by the event thrust axis. The additional track must have momentum greater than 5 GeV=c, at least one reconstructed VDET hit, and an energy loss within 3 of that expected for a pion. The resulting b candidate is required to have a momentum greater than 30 GeV=c.
The tracks from the + c are vertexed to form a + c track which in turn is combined with the pion candidate to form a b vertex. During this last step the mass resolution on the b is improved by constraining the mass of the + c candidate to the + c world average mass [3] . The + + vertex is reconstructed using the three charged pions only, since most of the 's decay after the VDET and therefore do not add a signicant constraint in the vertex t. The 2 probabilities of the + c and b vertices are both required to be greater than 1%.
To reduce backgrounds due to tracks originating from the primary vertex, a requirement is made on the ratio of the projected decay length 2 Table 1 summarises some relevant parameters for the four b candidates. The 2 probability for the mass distribution that the events come from a single narrow state, as expected for the b , is 75%. 2 More explicitly, l X =L X P X =jP X j, whereL X is the vector drawn from the interaction point to the X v ertex, andP X is the X momentum vector. 4 4 Their contributions to the background estimate are summarised in table 2 and are discussed in detail in the following sections. million Z events gives no combinations from this source in the signal region. To get a better estimate of this background in the Monte Carlo the dE=dx requirements on the proton candidate (j p j < 3 and j j > 2) are not applied. To a v oid the excess of events at low mass from b events which are not fully reconstructed, any e v ent originating from a b decay is removed. Using this procedure a total of 169 combinatorial events are found with a mass between 4:5 6 GeV=c 2 , and are dominated by e v ents in which pions from the fragmentation are selected as the proton candidate. There is also a smaller component coming from random combinations in which all tracks originate from the B decay. To be conservative these latter events are not removed from the combinatorial background estimate, even though they may be included in the reection background estimates discussed later. The observed mass distribution is then tted to an exponential and the number of background events in the signal region is estimated. The rejection factors (0.026 for pions, 0.5 for kaons and 0.73 for protons) of the proton dE=dx requirements are derived from a detailed Monte Carlo simulation which i s c hecked against data by studying protons and pions from decays. Taking account of the relative statistics between data and Monte Carlo the number of background events is predicted to be 0:17 0:05 and (9 6) The production of b in Z ! b b decay is suppressed because an s quark has to be generated in the hadronization. In the b strong decay a b is generated and if correctly reconstructed could contribute to the signal. There is also the possibility of wrongly associating a pion from the b with the + c from the b decay. This background is however suppressed by the decay length cut, since the pion comes from the primary vertex. Both b and b have been studied using specic Monte Carlo samples and their contribution to the background is found to be less than 1 10 3 .
8 The possibility of contamination from b ! + c X decays in which neutral and/or charged particles are missed in the reconstruction is also unlikely. These would give e n tries in the mass distribution at least a pion mass below the b mass and thus would not enter the signal region. In addition, for this type of process the momentum of the reconstructed b candidate peaks at 20 GeV=c and is therefore suppressed by the 30 GeV=c cut on the b momentum.
b Mass Measurement
The expected total numb e r o f b a c kground candidates from all sources is 0:38 0:06.
Taking into account the dierent contribution of each c hannel to the background, the probability that this background uctuates to produce the four observed candidates is estimated to be 4:210 4 . The statistical signicance of the observed mass peak therefore is 3.3, where the obvious mass clustering of the candidates has not been taken into account.
To calculate the b mass and its uncertainty a fast Monte Carlo is used in which many simulated experiments are generated. For each experiment the numb e r o f b a c kground events is decided according to a Poisson distribution whose mean is the background estimate. These background events are then removed from the four candidates observed in the data. The probability of removing a certain event i s w eighted according to the predicted background levels of its decay c hannel. For the remaining signal events the mass is randomly picked from Gaussian distributions whose mean and sigma are those of the selected candidate. The mass of the b for one experiment is then just the weighted mean of the signal events. Using this procedure on many fast Monte Carlo experiments the resulting distribution of b masses is found to have a mean of 5614 MeV=c 2 with an rms of 21 MeV=c 2 . A simple weighted average of the four candidates, neglecting a possible background contribution, would give 5616 16 MeV=c 2 .
To e v aluate the systematic error on the mass due to the uncertainty of the background estimate, the mean of the expected background level is varied by one sigma. The maximum deviation of the mean of the b mass distribution is found to be 1 MeV=c 2 .
The main source of systematic error on the mass comes from the mass scale calibration. This uncertainty is estimated from fully reconstructed charmed and beauty mesons to be 0.12% [13] . This corresponds to a 4 MeV=c 2 systematic error on the b mass value measured after the + c mass constrained t. Other sources of systematic error such a s t h e alignment of the ALEPH tracking system and the possibility o f i n terchange of ambiguous hits in the various tracking detectors have been found to be negligible. The measured value of the b mass is 
